Materials

Synthesis of carbonate modified nonionic surfactants
Tailor-made non-ionic surfactants were produced by Covestro AG via a double metal cyanide (DMC) catalyzed copolymerization of ethylene oxide (EO) with CO2, with dodecanol as a starter and the final molecular composition, was controlled by the initially added amounts of EO and CO2 [S1] . Dried DMC-catalyst (synthesized as described in example 6 of WO-A 01/80994 [S2] ) and 1-dodecanol were charged into a 2-L pressure reactor. The reactor was heated to 130 °C under reduced pressure (N2, 100 mbar) for 30 minutes. Subsequently, the reactor was pressurized to 50 bar CO2 and a defined amount of ethylene oxide was introduced. The activation of catalyst can be observed by a temperature hotspot and pressure decrease. This procedure was repeated one more time. After catalyst activation, the reactor was cooled to 100 °C and EO was introduced for 3 hours. The reaction progress was observed by corresponding CO2-consumption, whereas the reactor pressure was balanced to 50 bar by the MFC. After completion of epoxide addition, the reactor was stirred one hour at 100 °C. Epoxide residues were removed at low pressure (10 mbar) and a colorless liquid was obtained.
The molecular weight was determined by electrospray ionization mass spectrometry (ESI-MS) measurements and the CO2 content was quantified by Fourier-transform infrared spectroscopy. Their characteristics of the surfactants are summarized in Table S1 . All samples were prepared in Milli-Q water or D2O (>99.5 % D, Eurisotop) for the SANS experiments. In order to analyse the sequence of the EO and CO2 units within the hydrophilic head groups of the CO2 modified surfactant, C12(CO2)1.3EO11.4-OH, solutions with concentrations of 5 wt% were adjusted at pH values of 4, 7 and 11, respectively, and exposed to a partial hydrolysis for 10 weeks at 60 °C. As an indicator for the progress of the hydrolysis cloud points and surface tensions of the solutions ware measure frequently. For all samples, the same trends were observed. A decrease in the cloud points by 5 to 10 K indicated a loss of hydrophilic moieties but no complete loss of their water solubility. The weak variations of the surface tensions also indicate no strong loss in surface activity. After recovery of the surfactants by freeze-drying and subsequent analysis by ESI-MS additional lower molecular weight fragments are found in the products compared to the fresh one (MN=744 g/mole). Form these observations acidic and alkaline hydrolysis of the carbonate groups can be assumed. The broadening of the molecular weight distribution and the molecular weights of the fragments (multiples of 44 g/mole) indicates fragmentation of the surfactant molecules at many different locations, due to a statistical distribution of the carbonate groups within the hydrophilic chains.
Methods
Phase behavior
All samples were inspected visually and between crossed polarizers over a period of several weeks. In addition, the flow behavior was checked by the tube inversion method.
concentration-dependent microscopy was measured with a Jenapol light microscope by Carl Zeiss in a temperature chamber using crossed polarization filters. The samples were heated up to 60 °C and then cooled down to room temperature again. 
Surface Tension Measurements
Polarization Microscopy and Small-Angle Neutron Scattering (SANS) for the Determination of Different Liquid Crystalline Phases
Polarization microscopy was done in order to gain additional insights into the phase behavior of the samples at high concentration, and in particular, to determine the types of liquid crystalline phases present.
In Figure S3 (top) one sees nicely the isotropic pattern for the fluid phase of the CO2 rich surfactant and the fan-like texture, indicating a hexagonal phase, for C12EO14.0-OH. In scattering experiments, the ratio between the first and second peak gives an indication for the symmetry of the structure present. The SANS measurements shown in Figure S3 show a second-order peak, which for C12EO14.0-OH at 45 wt% is around sqrt(2) and moves to sqrt(3) for 65 wt%, which indicates a cubic phase at lower concentration and a hexagonal phase at higher concentration. The patterns become a bit clearer still for the sample with C12(CO2)0.6EO13.3-OH, where one finds a kind of "double peak", which indicates the presence of fcc ordering as there the ratio between the first two peaks is only 1.155 and therefore too small to be well resolved by our SANS measurements and one just sees one broad peak. For 65 wt%, a generally similar pattern is observed, only here the first peak seems to be no longer resolved into its double structure. In contrast for the C12(CO2)3.1EO8.2-OH sample one sees no higher-order peaks, thereby indicating the absence of long-range order. The observations from SANS are in good agreement with the obs ervations by polarization microscopy. Table S2 : Resulting values for the peak position from the samples shown in Figure S2 . 
Additional Rheology Measurements
The concentration dependent storage moduli G' are shown for the concentration range of 45 to 65 wt% for the sample with the lowest (x = 0) and highest (x = 3.1) CO2 content. In addition, a comparison of the storage (G') and loss (G'') modulus at a given concentration of 65 wt% is given for the different surfactants employed. Loss modulus G'' obtained from oscillation measurements at a shear stress of 0.5 Pa for all CO2 containing surfactants (65 wt%) and the reference sample at 25 °C (measurement system: cone-plate stainless steel geometry radius: 40 mm, gap size 150 µm), which directly complements the data for the storage moduli G' given in Figure 3B . Figure S7 shows the concentration dependent SANS scattering curves for the samples with lowest (x = 0) and highest (x = 3.1) CO2 content. The similarity at high a (apart from the generally increased intensity due to the higher concentration) in dicates the same size of aggregates present and this is also in agreement with the evolution of the correlation peak seen at higher concentrat ions in the mid-q range. Figure S8 shows the extrapolated values of I(0) from SANS, which were already displayed in Figure 5 . Here they are now given such that we normalized I(0) for the maximum observed in a series for a given surfactant, (0) max. In addition, the x-axis was normalized such that we show the volume fraction Φ relative to the value observed at this maximum intensity I(0) max, Φmax. In this fashion, it becomes better obvious that for concentration above Φmax the intensity remains increasingly higher the more CO2 is contained in the surfactants head groups. This then is a clear indication of the more attractive interactions present here, which have to be attributed to the CO2 moieties. 
